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INTRODUCTION 



A pulp and paper company is investigating the feasibility of a 
500 to 1,500 ton/day bleached Kraft Mill at one of several sites in 
eastern Ontario. The purpose of this report is to assess the effects 
that the wastes from the proposed pulp mill would have on the receiving 
stream and to outline a practical waste treatment method that may be 
used to prevent serious impairment of the watercourse. 

SUMMARY 

Consideration is being given to the location of a pulp mill in 
the Haliburton - Bancroft area. The Timber Branch of the Department 
of Lands and Forests have indicated that sufficient wood could be 
obtained from the area to support a 1,500 to 2,000 ton/day mill. 

The streams in the proposed area are small. Thus, most would 
be expected to become seriously polluted if the wastes from a pulp 
mill were discharged to them, even with the provision of a high degree 
of treatment. The only rivers in the area to which the wastes might be 
discharged without causing serious impairment are the Madawaska River 
below Combermere and possibly the York River downstream of its confluence 
with Pai±neau Creek. 

If a Kraft mill were to locate on the Madawaska River suid provide 
only the standard degree of maximum waste treatment now being achieved 
by the pulp and paper industry, (clarification and biological treatment 
to remove of the BOD5) gross pollution of the river would undoubtedly 
occur. With this treatment efficiency, the river would become highly 
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coloured, possibly septic in some locations due to the absence of 
dissolved oxygen, unsuitable as a fish habitat, and, in general, aesthetic- 
al!ly unacceptable. In addition, the quality of the water supply of the 
Town of Amprior could be adversely affected. 

In order to protect the water quality of the river and the re- 
creational value of the area, an extremely high degree of waste treat- 
ment achieved by a system such as mechanical clarification for the re- 
duction of suspended solids, biological oxidation utilizing aerated 
lagoons and colour removal would be necessary. Flow augmentation is an 
important variable vrtien considering the waste treatment requirements. 

The capital cost for such a treatment system has been estimated at 
$1,500,000, excluding lagoon construction, with an annual operating 
cost of $ 800 , 000 . This corresponds to a treatment cost of about $ 2.70 
] 3 er ton of production. 

MLL WATER REQUIRCTIENTS 

WATER USAGE 
( Imp. ) Gal/Ton 





Maximum 


A 2,000 


Company Estimates: 


Average 


34,000 




Minimum 


25,000 


Literature Values: 


Today* s Technology 


43,500 




Newer Technology 


23,000 


Present Usage at mills 


in Ontario 


40,000 to 



- 3 - 



V/ater reqtiirements for a bleached Kraft mill vaiy significantly- 
depending on the technological level in -which the mill can be classified. 
Under today^s technology are included those mills -with processes which 
are most -widely used among the industry and consist of the following: 

(1) mechanical debarking of logs with bark utilization and water 
reuse 

(2) batch sulphate pulping with liquor recovery and water reuse 

(3) pulp screening and water reuse 

(4) pulp washing and thickening by vacuum filtration 

(5) bleaching -with count erctirrent water reuse between stages 

( 6 ) continuous stock preparation 

(7) fibre recoveiy in paper machine operation and -vdaite water 
reuse 

Classified under newer technology are those mills which have a 
high degree of water reuse, recover chemicals and heat with a subsequent 
reduction of poll-ution loadings and -idiich have the following: 

(1) long log debarking with bark utilization and water reuse 

(2) continuous Kraft pulping with liquor recovery and water 
reuse 

(3) screening and centrifugal cleaning of pulp with water reuse 

(4) counterc\irrent pulp washing and thickening by multi-stage 
vacuum filters and processing of wash water in the chemical 

recovery system 

(5) bleaching -with high degree of water reuse within each washer 
and among stages 
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(6) continuoiis stock preparation 

(7) paper machine operation vdth segregation of vrtiite waters 
according to their quality and with fibre recovery and ex- 
tensive water reuse 

The company has estimated that the average water usage will be 
34,000 (Imp.) gal/ton. Thus, the water requirements at varioxis rates 
of production would be as follows: 



WATER USAGE 





(Imp.) Galway 


cfs 


Hill Production 


500 


17,000,000 


32 


1,000 


34,000,000 


63 


1,500 


51,000,000 


95 



WASTES FROM ICRAFT PULPING PROCESS 

The waste loadings from the various sources in the mill are listed 
in Table I for mills in the two technological levels. The total loading 
values from the mills in the two levels are compared below with the 
estimated figures submitted by the company. 
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TOTAL MILL WASTE LOADINGS 







BOD5 

Ibs/ton 


Suspended Solids 
Ibs/ton 


Wastewater 

Volume 

(Imp.) gal/ton 




Max. 


120 


- 


42,000 


Company Estimates 


Avg. 


90 


- 


34,000 




Min. 


60 


- 


25,000 


Today's Technology 




111 


150 


43,500 


Newer Technology 




47 


52 


23,000 


Bleached Kraft Mills 
Ontario 


in 


100 


150 


55,000 



TREATMENT I'ffiTHODS AVAILABIE 

(1) Fret r eat ment 

(a) screening, netrtralization, cooling 

(b) colour removal (using lime) for highly coloured waste streams 

(2) Primary Treatment (suspended solids reduction) 



REMOVAL EFFICIENCY IN PERCENT OF GROSS LOAD 



Suspended Solids 


BOD5 


COD 


Colour 



(a) 


Gravity 

Clarifier 


60 


- 90 


H 

0 

1 


10 - 30 


0-10 


(b) 


Sedimentation 

Basin 


50 


- 90 


10 - 40 


10 - 30 




(c) 


Dissolved Air 
Flotation 


70 


- 95 


20 - 50 


10 - 40 











TODAY'S TECHIMLOGY 






MR TECIOLOGY 




PROCESSES 


BODs^ 

Ibs/ton" 


Susp. Solids 
Ibs/ton 


Wastewater Volume 
(Imp.) eallons/day 


BODs 

Ibs/ton 


Susp. Solids 
Ibs/ton 


Wastewater Voluim 
(Imp.) Hallons/dc' 


Wood Preparation 


3 


9 


2,900 


0.2 


2 


1,400 


Pulping 














Blow Tower 


1 


4 


800 


- 


- 


- 


Dirty Condensate 


3 


0.1 


1,000 


2 


.1 


500 


Evaporator Ejector 


3 


0.1 


300 


9 


.3 


300 


Causticizing Waste 


9 


5 


2,000 


9 


2 


2,200 


Green Dreg 


1 


1 


200 


1 


.6 


300 


Floor Drain 


1 


6 


300 


- 


- 


- 


SUB TOTAL 


23 


16 


4,600 


21 


3 


3,800 


Pulp Screening 


14 


4 


3,000 


GEflERALL! 


NO WASTE 


PRODUCED 


Pulp Washing and 
Thickening 


25 


15 


6,000 


8 


15 


1,700 


Bleaching 


30 


60 


16,000 


8 


2 


10,000 


Paper Plaking 


1C 


46 


11,000 


10 


30 


6,200 


TOTAL 


111 


150 


43,500 


47 


52 


23,100 



Ton of iToduct 



1 
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(3) Secondary Treatment (biological oxidation) 



REMOVAL EFFICIENCY IN PERCENT OF GROSS LOAD 





Suspended Solids 


BOD 5 


COD 


Colour 


(a) 


Activated 

Sludge 


75 - 95 


0 

0 


10 - 30 


(b) 


Aeration 

Lagoon 


40 - 85 


30 - 60 


0-10 


(c) 


Oxidation 

Pond 


0 

0 


- 


0-10 


(d) 


Trickling 

Filter 0-95 


VjO 

0 

0 


0 

0 


0-15 


(e) 


Irrigation 


60 - 95 


- 


- 


(f) 


Sedimentation 
Basin* 60 - 95 


- 


- 


- 


(g) 


Secondary 

Clarifier-'''| 70 - 98 


- 


- 


- 



^ As used to remove biological solids in secondary treatment 

( 4 ) Tertiary Treatment (additional BOD 5 removal) 

(a) polishing lagoon (conventional oxidation pond) 

(5) By-Product Utilization 

WASTE TREATMENT REQUIREMENTS 

Assume - a permissible minimum dissolved oxygen 

concentration of 5 PF»n in the receiving 



watercourse 



- a - 



a wastewater volmne of 34,000 gal/ton and 

a BOD5 loading of 90 Ibs/ton 

raw mill water to be taken from river 



River Flow, BOD5 Permitted % BOD5 Removal 





cfs 


in Discharge 
Ibs/day 




Reqvdred 




Mill Production 
(tons/day) 






500 


1,000 


1,^00 


Sunmer 


250 


2,000 


95.6 


97.8 


98.5 


Summer 


400 


3,200 


92.9 


96.5 


97.6 


Svnnner 


650 


5,500 


88.7 


94.2 


96.0 


Winter 


900 


4,500 


90.0 


95.0 


96.7 



A P0SSIBI£ ECONOMICAL METHOD OF VJASTE TREATMENT FOR PROPOSED MILL 

Waste treatment facilities which may be practical at the proposed 
mill are as follows: 

Pretreatment - coIotjt removal of the highly colovired 

waste streams by the massive lime process 
Primary Treatment - gravity clarifier 

Secondary Treatment - aerated lagoon system 

Tertiary Treatment - conventional oxidation lagoon 

The BOD5 removal accomplished in an aerated lagoon having a retention 
time of 5 days is expected to be 80^, If a second 5-day aerated lagoon 
is placed in series with the first and if it can be assumed that the 
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same degree of reduction -will occur in the second lagoon, a total BOD5 
removal through the two lagoons of 95^ niay be obtained. Tertiary- 
treatment by means of at least a 200-acre conventional oxidation lagoon 
should provide any additional BOD5 reduction required. The total over- 
all BOD5 removal for secondary treatment facilities consisting of two 
aerated lagoons followed by an oxidation lagoon is estimated at 97.5^. 

The design of an aerated lagoon system for the secondary treatment 
facilities is presented below for various % BOD5 removal efficiencies. 

Basis - wastewater volume of 34 » 000 (Imp.) gallons/ton 

and a BOD 5 loading of 90 Ibs/ton 
aerated lagoon depth of 10 - 12 feet 
aeration with surface aerators 




- one 5-day retention aerated lagoon 



MILL PRODUCTION, TONS/DAY 


LAGOON ACREAGE REQUIRED 


AERATION CAPACITY 
(HORSEPOWER) 


500 


30 


800 


1,000 

( ^ 


60 


1,600 


1,500 


90 


2,400 


BOD 5 (entering Pond) 


265 ppm 




BOD 5 (leaving Pond) 


53 
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(2) For a 9 ‘^% B OD.^ reduction 

- two 5 -day retention aerated lagoons in series 



MILL PRODUCTICN, TONS/DAY 


LAGOON ACREAGE REQUIRED 


AERATION CAPACITY 
(HORSEPOVffiR) 


o 

o 


60 


950 


1,000 


120 


1,900 


1,500 


180 


2,800 


BOD 5 (entering #1 Pond) 


265 ppm 




BOD 5 (leaving #2 Pond) 


13 ppm 





ESTmTED COSTS OF WASTE TREATMENT 



(l) Capital Cost of Fretreatment for Colour Removal 



MILL PRODUCTION TONS/DAY 



CAPITAL COST, DOLLARS 



COLOUR REMOVAL BY UME PROCESS 



500 



1,000 

1,500 



75.000 

95.000 

115,000 
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(2) Capital Cost of Primary Treatment 



MILL PRODUCTION TONS/DAY 




CAPITAL COST, DOLLARS 




Gravity Clarifier Sludge Disposal* Total 


o 

o 

ir\ 


250,000 


130,000 380,000 


1,000 


480,000 


250,000 730,000 


1,500 


700,000 


380,000 1,080,000 


■ 5 *- Centrifuge 


(3) Capital Cost of Secondary Treatment 




JOLL PRODUCTION TONS/DAY 




CAPITAL COST, DOLLARS 




Aerators 


Total Installed-’s^- 


@ 80^ BOD5 Removal 


500 


170,000 


270,000 


1,000 


340,000 


540,000 


1,500 


510,000 


810,000 


@ 95^ BOD5 Removal 


500 


195,000 


310,000 


1,000 


390,000 


620,000 


1,500 


585,000 


930,000 



Total Costs excluding lagoon construction 
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(a.) Total Capital Costs 



MILL PRODUCTION, TONS/DAY 




TOTAL CAPITAL COSTS, DOLLARS-^^^ 


@ 80 ^ BOD 5 Removal (pretreatment, primary 


treatment, aeration lagoon) 


500 




725,000 


1,000 




1,370,000 


1,500 




2,000,000 


@ 95 ^ BOD5 Removal (pretreatment, primary treatment, 2 aeration lagoons) 


500 




765,000 


1,000 




1,450,000 


1,500 




2,130,000 


Excluding lagoon 


construction 




(5) Total Operating Costs 






MILL PRODUCTION, TONS/DAY 


OPERATING COSTS, DOLLARS/DAY 




Pretreatment 


Primary and TOTAL-^hh;- 

Secondary 


500 


160 


930 1,090 


1,000 


320 


1,860 2,180 


1,500 


480 


2,790 3,270 



-;hh;- including: - maintenance 

operating labour 
chemical costs 
power 



o • • • • 
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(6) Combined Annual Operating Costs and Amortized Capital Costs 

Assvme - 15 years useful asset life of treatment works 

interest rate of 



MILL PRODUCTION, 
TCNS/DAY 


ANNUAL OPERATING 
COSTS, DOLLARS 


ANNUAL CAPITADHt 
COSTS, DOLLARS 


TOTAL ANNUAL^h:- 
COSTS, DOLLARS 


@ 80”) BOD 5 Removal (pretreatment, primary treatment, aeration lagoon) 


500 


400,000 


87,000 


487,000 


1,000 


800,000 


165,000 


965,000 


1,500 


1 , 200,000 


240,000 


1,440,000 


@ 95 ^ BOD 5 Removal (pretreatment, primary treatment, 2 aeration lagoons) 


500 


400,000 


92,000 


492,000 


1,000 


800,000 


175,000 


975,000 


1,500 


1,200,000 


255,000 


1,450,000 



■*h:- Excl'uding lagoon construction 
Approximate cost of treatment per ton of production - $2.70 



STREAM FLOWS IN VICINITY OF PROPOSED MILL LOCATIONS 



Hydrological data for rivers in the vicinity of the proposed 



mill locations are as follows: 
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STREAM FLOWS, cfs 




Minimum 


Mean 


Maximijm 



Madawaska River at 
Palmer Rapids 
(I960 to 1966) 


235 


1,850 


11,400 


York River at Bancroft 

(I960 to 1967) 


20 


370 


3,610 


York River upstream 
from Papin eau Creek 


— 


590?>- 




York River downstream 
from Papineau Creek 


- 


76 (X- 


- 


York River at Madawaska River 


- 


l,000i<- 


- 


Little Mississippi River 
at Weslemkoon Lake 


— 


ioo«- 




Little Mississippi River 
at York River 




25CH^ 




Burnt River near Kinmount 

(1964 to 1967 ) 


58 


620 


3,540 


Crowe River near 
Glen Alda 
(1966 to 1968) 


6 


200 


676 



Estimate based on water shed drainage area 
To maintain various minimum stream flows, the number of days per 
year during which stream flows would have to be augmented and the reservoir 
storage capacity that wo\ild be reqtiired have been determined and the data 
are shown in GraiJis No. 9 and 10 for the Madawaska River and Graphs No. 

11 and 12 for the York River. 
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EFFECTS OF WASTES ON RECEIVING STREAM 

Only the Madawaska River below Combermere and the York River down- 
stream of its confluence with Papineau Creek are considered in detail 
as potential sites for the disposal of Kraft mill wastes, since gross 
poUtition of the receiving streams at other locations in the proposed 
area would be expected even at a high degree of waste treatment. The 
effects of the mill effluent on the stream characteristics are shown 
in Table II. 

Dissolved Oxygen 

In order to maintain warm water fish populations and other aquatic 
life, it is generally recognized that the dissolved oxygen concentration 
must be maintained above 5 Ppm. With no supplementation of low stream 
flows, it is estimated that, for a 1,000 ton/day mill discharging to the 
Madawaska River, treatment facilities to remove 97*8^ of the BOD 5 would 
be required to prevent the DO from falling below 5 ppm. At lower removal 
efficiencies significant deterioration in the quality of the downstream 
environment would be expected. With less than 9C^ removal, complete 
depletion of oxygen may occur accompanied by the development of septic 
conditions. 

It is estimated that, in stmimer, the location of maximum oxygen 
deficit will occur approximately 10 to 15 days stream travel time 
dovmstream from the mill site or at some p>oint between Camel Chute and 
the Mountain Ch-ute Hydro Dam. The location at idiich the dissolved 
oxygen level would again rise to 5 Ppm is dependent on the degree of 
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treatment provided at the mill and may require as much as 80 stream 
travel days at only 80^ removal. At present minimum stream flows, this 
would result in DO levels of less than 5 Ppm occurring in most of Cen- 
tennial Lake which has been formed by the Mountain Chute Dam. 

In the winter months, ice cover on the impoundment areas will 
severely limit reaeration from the atmosphere. However, if it can be 
assumed that the initial DO in the river is in the range of 10 to 12 ppm, 
the DO is not expected to drop below 5 Ppm at 95>S BOD 5 removal for a 
river flow of 550 cfs and a mill capacity of 1,000 tons/day. Mininrum 
dissolved oxygen levels in winter would be expected to occur approx- 
imately 20 to 50 days stream travel time below the mill outfall and little 
recovery could be expected before reaching the Ottawa River. 

With flow supplementation dvudng low flow periods, the degree of 
treatment required would not be as stringent. This is illustrated in 
Graphs No. 2 and 3« 

The above discxxssion would probably apily as well for a discharge 
to the York River downstream of its confluence with Papineau Creek since 
the stream travel time from Papineau Creek to the Madawaska River is 
believed to be less than one day. Thus, the low point in the dissolved 
oxygen sag wovild probably occur in the Madawaska River rather than in 
the York River. 

It shovild be noted that the estimates of the assimilative capacity of 
the Madawaska River are based on limited knowledge of the stream character- 
istics. These are, therefore, only first estimates and may be revised as 
further infonnation is obtained. 
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C olour 

Besides reducing the ultra-violet light reaching the biota in the 
watercourse and, thus, interf erring with prljnary production, colovir is 
also aesthetically undesirable. Thxis, every effort should be made to 
maintain the colour in the river at the lowest possible level. 

Since the colour causing materials in pulp and paper mill wastes 
are highly resistant to biodegradation, little or no colour is ranoved 
in biological treatment systems and the reduction of colour in receiving 
streams is slow. As a result, a significant proportion of the colour 
would persist in the watercourse for a considerable distance downstream 
of the mill discharge. 

The level in the effluent from the biological treatment system 
woxjld probably be about 1,500 units, as measured using the potassium 
chloroplatinate standards, or, with pretreatoent of the highly coloured 
waste soxorces, about 600 tinits. The effect of the mill effluent on the 
river colour immediately after complete mixing is shown for varLovis stream 
flows and mill capacities in Graph No. 4 when pretreatment is provided 
for highly coloxired waste sources, and in Graph No. 5 without pre treatment. 
The present colour level in the river varies between 15 and 30 units. 

The increase in colour which might be tolerated is difficult to 
estimate. If it is assumed that a colour level greater than 90 units is 
aesthically vuiacceptable, then, for a 1,000 ton/day mill, augmentation of low 
flow would be required to maintain the minimum above at least 650 cfs with 
pretreatment of highly coloxired waste sources and 1,500 cfs with no colour 
pretreatment . 
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The water supply for the Town of Amprior is obtained from the 
Madawaska River a short distance upstream of the Ottawa River. However, 
because of further dilution by tributary streams, degradation of the 
colour causing materials and the equalization provided by the impoxmdments, 
arvy colour change in the water supply at Arnprior wo^lld be expected to 
be sTflAl 1 and probably not noticeable. 

Toxicity 

Untreated bleached Kraft mill wastes are considered to be toxic to 
fish in the range of 10 - 20^ of the dilution volume. During low flow 
periods in the Madawaska River, the mill effluent would represent app- 
roximately 26^ of the river flow for a 1,000 ton/day mill. If the wastes 
are treated by aeration, it has been found using laboratory bioassay 
techniques that an appreciable reduction in the toxicity will occur. 
However, conclusive evidence that aerated lagoons will eliminate the 
toxicity of Kraft mill wastes could not be found in the literature. 

Dissolved Solids 

The dissolved solids concentration in the mill effluent after 
biological treatment probably would be about 1,500 ppm, and would be 
made up of inorganic salts and some organic chemicals which are relatively 
resistant to biodegradation. 

The present concentration of dissolved solids in the Madawaska 
River is approximately 80 ppm. The effect that a treated mill effluent 
wotOd have on this concentration is shown in Graph No. 6 for various 
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stream flows and mill capacities. Thus, for a 1,000 ton/day mill having 
biological waste treatment and for a stream flow of 65O cfs, the dissolved 
solids concentration downstream of the outfall would be increased from 
the present ftO ppm to 23O ppm. 

If the toxic components in Kraft mill wastes are removed by bio- 
logical treatment, then the effect of the remaining dissolved solids 
on the river shoxild not be significant. An increase in the level to 
230 ppm would probably not be deleterious to the aquatic biota. A 
slight change in the taste of the river water may occur, althovigh it 
would probably remain pallatable. However, the higher dissolved solids 
may result in some reduction in the value of the river as a source of 
industrial water supply. 

Through ftirther dilution by tribtttary streams, slow degradation of 
the remaining organics, and the equalization provided by the impound- 
ments, the dissolved solids concentrations at Amprior would be further 
reduced and would not be expected to vary significantly during the year. 
For a 1,000 ton/day mill with a treated discharge to the river near 
Palmer Rapids, the concentration of dissolved solids at Amprior would 
probably be raised to about I30 ppm and for a 1,500 ton/day mill to about 
150 ppm. 

Nutrients 

The average concentration of phosphorus found in the Madawaska River 
at Amprior during 1968 was 0.03 ppm. If the level in the river near 
Palmer Rapids is the same, then it will be approximately doubled by the 
discharge of the treated wastes from a 1,000 ton/day mill. 



The increased nutrient level may not cause any immediately notice- 
able effect. However, it would probably result in a significant increase 
in the rate of aging of the downstream impoundments. 

All lakes undergo natural aging processes, but the rate of aging 
can be drastically increased by the addition of nutrients by man as has 
occurred, for instance, in Lake Erie. The rate is believed to increase 
exponentially with increases in nutrient loadings. Thus, by doubling 
the nutrient loading to the impoundment, the rate of aging might be 
expected to be increased by a factor of four. 

The aging of a lake results from a process called eutrophication 
which is the biological enrichment of its water. The lake acts as a 
trap for phosphortis. As the amount held builds up, the lake water’s 
increasing fertility may give rise to an acctratulating growth of aquatic 
organisms, both plant and animal. Eventually algal and other aquatic 
plant growths will occur in excess and thus reduce the recreational 
value of the lake. 

The natural processes of aging are so slow that the lifetime 
of a lake may span geological eras. The effect of a nutrient addition 
on the life span is dependent on the lake’s physical characteristics 
and can only be estimated after an extensive survey has been carried out. 

Suspended Solids 

From experience at one Kraft mill which utilizes aeration lagoons 
in conjunction with adequate primary clarification facilities, a suspended 

solids concentration of 30 pjpni in the treated effluent can be attained. 

! 

Operational data from this mill shows that the settable solids in the 
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effluent were less than 1 ppm. If these results can be considered in- 
dicative of the degree of suspended solids removal that can be accom- 
plished at the proposed mill, sludge deposits in the river resulting in 
a benthal oxygen demand may not present a problem. 

Bacterial Slimes (Srhaerotilus ) 

The growth of sphaerotilus on river beds due to the introduction 
of untreated bleached Kraft mill wastes has been observed at dilutions 
of 1:500. Even after a high degree of waste treatment, it is possible 
that some sphaerotilus growth may occur. It has been reported in the 
literature that the growth is limited to a distsmce of 4 to 15 miles 
downstream from the polluting source. 

There is a possibility that the Hydro installations on the Madawaska 
River may encounter sliming problems if the proposed mill is located 
on the river system. 

Sulphates 

The treated mill effluent will probably contain a sulphate concen- 
tration of about 200 ppm. The effect that the effluent will have on 
the sulphate concentration in the receiving stream is shown in Graph 
No. 7» For a mill capacity of 1,000 tons/day and a stream flow of 65O cfs, 
the sttljiiate concentration in the river downstream of the effluent would 
be about 24 ppm as compsared to the present level of less than 5 Ppm, This 
increase would not be expected to adversely affect the quality of the 
river. 



23 



- 23 - 



The combined effluent temperature from a Kraft mill may range from 
65°F to 80°F, If the wastes are to be treated in aerated retention 
ponds, a heat loss to atmosphere will normally occur. The temperature 
drop obtained in this manner is dependent on several variables notably 
climatic conditions. With a maximum treated effluent temperatiire of 
80°F (in simimer) and a stream dilution of 3:1, the increase in temper- 
at\u?e of the Madawaska River would be approximately 2F°, 

CQNCLUSIOMS 

With the exception of the Madawaska River and possibly the York 
River downstream of Papineau Creek, the mean annual flows in the streams 
in the Haliburton - Bancroft area are at such low levels that gross 
pollution could be expected from the discharge of a pulp mill effluent 
even if a high degree of treatment were provided. Further, in some locations, 
difficulty would be encountered in obtaining sufficient water to supply 
the mill. 

If extensive treatment is provided and minimum stream flows are 
a\jgmented, the wastes from the proposed mill could possibly be discharged 
to the Itadawaska River near Palmer Rapids or to the York River downstream 
of Papineau Creek without causing undesireable degradation of stream 
quality. If a colour increase to 90 units from the present level of 30 
is aesthetically acceptable and if higher levels can not be tolerated, 
it will be necessary to paretreat the highly coloiured mill waste streams 
to lower the colour in the total mill effluent by 60^, In addition. 
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the low stream flows would have to be supplemented to maintain the 
minimum above 65O cfs for a mill capacity of 1,000 tons/day, and 900 cfs 
for a 1,500 ton/day mill. Storage of treated wastes to permit a rate 
of discharge tP the watercourse in proportion to the stream flow could 
be used as an alternative to, or in con.iunction with, augmentation of 
low stream flows. 

Since 1959, the longest period of drought flow in the Madawaska 
River at Palmer Rapids occurred in I964. Oraph No. 10 shows that a 
reseirvoir storage capacity of about 40,000 acre-feet would have been 
reqtiired in that year to maintain a minimtm flow of 65O cfs and SO, 000 
acre-feet for a miniminn flow of 900 cfs. 

It would probably not be economically feasible to maintain the 
minimum flow in the York River downstream of Papineau Creek above 65O cfs 
since the mean annual flow is estimated to be only ?60 cfs. Thus, part 
of the treated mill wastes would most likely have to be stored at lower 
stream flows for discharge in proportion to flow at river levels above 
650 cfs. Assuming annual stream flow variation below Papineau Creek 
similar to that at Bancroft and no minimum flow augmentation, then the 
treated waste storage capacity that would be required for a 1,000 ton/day 
mill discharging to the York River downstream of Papineau Creek is est- 
imated to be about 15,000 acre-feet. 

The BOD5 treatment efficiency that would be required to maintain 
the dissolved oxygen concentration in the receiving watercourse above 
5 ppn is very much dependent on the minimum stream flow that wo\ild occur. 
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As shown in Grafii No. 3» the BOD 5 removal required for a 1,000 ton/day 
mill would be approximately 9lS at a stream flow of 65 O cfs. 

This removal efficiency may be obtained in a treatment system 
which inclvides pretreatment for colour removal, primary clarification, 
and two 5-day retention lagoons in series. Excluding construction of 
the aerated lagoons, the total capital costs of such a treatment system 
for a 1,000 ton/day mill have been estimated at $ 1 , 500 , 000 , while the 
annual operating costs would be abovrt $800,000. Combined annual op- 
erating costs and amortized capital costs would then be $ 975 >000 or 
$ 2,70 per ton of production. 

Experience at several Kraft mills indicate that BOD5 removal efficiencies 
of 80 - 905o can be obtained using an aerated lagoon with 5-days retention. 
Thus, removal might be expected with two similar aerated lagoons 
operated in series. However, it would be desirable to have tertiary 
treatment by means of an oxidation basin following the aerated lagoons 
to provide a factor of safety should BOD5 loadings occur in excess of 
those estimated and/or the removal efficiency in the aerated lagoons 
be les than 90>, Besides accomplishing the additional BOD5 reduction, 
the oxidation basin would permit further breakdown of those organic 
chemicals relatively resistant to biodegradation. It has been reported 
that storing the wastes for about 50 days will result in the degradation 
of 50 ^ of the lignins and also result in a significant further reduction 
in colour. 
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The addition of nutrients to the river may hasten the aging of 
the downstream impoundments, altering their characteristics and 
eventually reducing their recreational value. Thus, nutrient addition 
to the biological waste treatment system should be kept to the minimum 
reqtdred for biological sludge growth in the system. This will minimize 
treatment costs as well as reduce the adverse effects of nutrients on the 
receiving stream. 

The reduction of waste loadings throu^ reuse of water and recovery 
of chemicals should be thoroughly investigated. Control measures 
investigated should include: 

( 1 ) Collecting of all spills, including emergency discharges, in 
the digester, blow and wash rooms, and in the recovery area 

for return to the black liquor system for recovery of chemicals. 

(2) Designing of black liquor evaporators to minimize ceury-over 
of chemicals to the condensate such as by the installation of 
demister entrainment pads. 

(3) CoTinter current washing in the pulp washers with use of the 
water from the first washer for dilution of stock in the blow 
tank and the discharge of the excess water from the first 
washer to the black liquor recovery system. 

(4) Countercurrent washing in the bleach ery. 

(5) Recirculation of as much of the idiite water from the paper 
machine as possible. 
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The reduction of waste loadings by greater in-plant reuse of water 
and recovery of the chanicals will not only reduce the adverse effects 
of the mill effluent on the receiving stream but should also reduce the 
cost of waste treatment. 



23 



CONCENTRATION AFTER DILUTION PPM 






100 



GRAPH No, 3 




200 400 600 800 1000 1200 1400 1600 WOO 2000 

C.F.S. STREAM FLOW 



30 




GRAPH No.4 
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APPEND I X 



RECREATIONAL USE OF THE MADAWASKA RIVER BASIN 



The recreational potential of the Madavraska River basin is at present 
being used to onl 7 a limited extent. However, its use should increase in 
the near future as cities in eastern Ontario expand, recreational areas 
closer to Toronto become crowded and as the leisure time available to man 
increases. 

The Department of Tourism and Information has estimated that, in 196?, 
230,000 people visited the Madawaska Vall^ Vacation Area and spent $3*500,000 
in the area. It has been consei^atively estimated that the area’s potential 
value to tourism is at least four times the present level. 

The Parks Branch of the Department of Lands and Forests is giving con- 
sideration to making the Madawaska River between Palmer Rapids and Griffith 
a Wild River Park and to naintaining Norcan Lake and the newly formed Cen- 
tennial Lake as semi-pidmitive areas. Such usages wo\ild require that the 
watercovirse be maintained in a near natural state. The recreational value 
of such uses is difficult to estimate. However, if it can be assumed to be 
greater than that of any alternative use such as cottage develojmient, then 
it could be estimated to be greater than $3*000,000 per year. 

To maintain Centennial Lake as a semi-pzdmltive area, the Lands aixl 
Sxurveys Branch of the Department of Lauids and Forests is planning to limit 
cottage development on the lake to 400 cottages. The recreational value of 
an area to a cottage owner can be assumed to be equal to or greater than the 
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money which he is willing to spend to utilize it. Expenditures would 
include the purchasing of a lot, cottage and probably a boat, travelling 
f costs to and from the cottage, and upkeep expenses. It is conservatively 
estimated that such expenditures might amount to about $2,000 per year 
for each cottage or $800,000 annually for the 400 cottages. 

Pish populations in the Madawaska River downstream of Palmer Rapids 
are reported to be small. However, with the formation of Centennial Lake, 
the walleye population is expected to improve. 

The lower section of the York River is reported to be a relatively 
good fishing area and is considered to be an integral paz^ of the Kamaniskeg 
Lake recreational area. Also, the large marsh at the mouth of the York 
River is reported to be a habitat for a large niunber of ducks which provides 
excellent hunting in the fall season. 

In summary, the potential recreational value of the area that could 
be affected by a waste discharge to the York River downstream of the 
confluence with Papineau Creek is estimated to be greater than $7,000,000 
per year. 
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